Research findings have consistently demonstrated that women living with HIV in the United States and globally experience declines in medication adherence and retention in care after giving birth. A number of studies have identified factors associated with postpartum retention in care, but the evidence base for interventions to address the problem and close this gap in the HIV care continuum is limited. Furthermore, the majority of studies have been conducted in low-resource or moderate-resource countries and may be less applicable or require adaptation for use in high resource countries. In the United States, up to two-thirds of women drop out of care after delivery and are unable to maintain or achieve viral suppression postpartum, at a time when maternal and pediatric health are closely linked. We conducted a critical review of the literature to identify existing gaps regarding maternal retention in the United States and conceptualize the problem through the lens of the integrated and ecological models of health behavior. This review describes existing barriers and facilitators to retention in HIV care postpartum from published studies and suggests steps that can be taken, using a multilevel approach, to improve maternal retention. We propose five core action steps related to increasing awareness of the problem of poor postpartum retention, addressing needs for improved care coordination and case management, and using novel approaches to adapt and implement peer support and technology-based interventions to improve postpartum retention and clinical outcomes of women living with HIV.
Introduction
The postpartum period is a vulnerable time in the HIV care continuum for women living with HIV (WLWH) in the United States and globally, with data demonstrating declines in medication adherence and retention in care [1] [2] [3] [4] . Studies of interventions to improve postpartum retention in HIV care are limited. The majority of this research has been conducted in low-resource or moderate-resource countries and often addresses uptake and adherence to perinatal prevention interventions in addition to postpartum retention in care [5, 6] . In a recent review of these topics in relation to pregnant and postpartum women initiating antiretroviral therapy (ART) in sub-Saharan Africa, Myer et al. [4] examine key issues related to adherence and retention and emphasize the need for additional understanding and innovative interventions. There is a need to identify, develop or adapt, and implement culturally sensitive, women-centered interventions for improving HIV care continuum outcomes of pregnant and postpartum WLWH. Although there are some striking similarities between issues in care faced by women in sub-Saharan Africa and those faced by women in many other regions of the world, findings from interventions research may not be directly applicable to women living in the highresource countries. This review focuses on the problem of postpartum retention in care in the United States, describing factors that prevent women from continuing HIV care after delivery, exploring interventions that have been shown to improve postpartum retention in HIV care and recommending steps that can be taken now to improve postpartum outcomes for WLWH.
Methods
We conducted an evolving series of searches in PubMed without a defined start date to review literature about postpartum retention in HIV care, associated factors, and intervention studies. Combinations of key words included HIV, postpartum, pregnancy, pregnant, retention, retention in care, loss to follow-up, engagement, adherence, and interventions. We examined references listed in systematic reviews on these topics and defined additional key words to explore interventions as they were identified, such as case management, care coordination, peers, support groups, mentors, mobile health, short message service (SMS), text messages, and so on. Searches were updated periodically through June 2017. We also searched 2016 and 2017 abstracts from the International Workshop on HIV & Women, the Conference on Retroviruses and Opportunistic Infections, the Ryan White Conference on HIV Care and Treatment, and International AIDS Society Conferences. Our review focuses on the United States and highresource countries, but incorporates studies from lowresource and moderate-resource countries that contribute to our understanding of the topic.
Poor retention in HIV care postpartum and implications for women and their family Although few studies have evaluated postpartum retention in the United States, available data illustrate a gap in the HIV care continuum after women give birth. A retrospective chart review of 274 WLWH (297 deliveries) at a Mississippi Medical Center with deliveries from 1999 to 2006 showed that only 37% of women had optimal postpartum follow-up, defined as at least two visits with an HIV provider in the year after delivery [7] . Presenting to antepartum care during the third trimester (vs. in the first or second trimester) and competing responsibilities, such as employment, were associated with suboptimal follow-up. A retrospective cohort analysis in Philadelphia, Pennsylvania, with deliveries from 2005 to 2013 found that only 38% of 561 WLWH (695 deliveries) had received HIV care within 3 months postpartum [2] . Only 39% of women were retained during the first year following delivery and that number had dropped to 25% at year 2. Early engagement in care was the strongest predictor of long-term retention: mothers engaged in HIV care within 90 days postpartum were 11 times more likely to be retained at 1-year postpartum compared with those who did not. Analysis of New York State surveillance data showed that 232 of 980 (24%) WLWH with a live birth between 2008 and 2010 were not retained in HIV care in the year following delivery [8] . Not being retained in HIV care in the preconception year was the strongest predictor of suboptimal care postpartum: women with low participation in HIV care during preconception were three times more likely to be lost to HIV care during the postpartum year. The gap between retention rates observed in New York, Philadelphia, and Mississippi may be influenced by differences in regional public health policies and infrastructure for the management of people living with HIV (PLWH) and pregnant WLWH. New York has strong public health programs that encompass HIV prevention, medical care, and supportive services for women of childbearing age prior to, during, and after pregnancy [9] in addition to health coverage including Medicaid reimbursement and safety net programs for the uninsured [10] . Many states in the South have not participated in Medicaid expansion under the Affordable Care Act and have restrictive income eligibility for Medicaid [11, 12] . Although, by federal law, all states must provide Medicaid coverage for pregnancyrelated services to pregnant women with incomes up to 133% of the federal poverty level, services expire at 60 days postpartum, which may limit access to HIV and primary care in a crucial transition period [13] .
WLWH face a number of stressors after giving birth: physiological changes, the potential for postpartum depression [14] , increased child and family responsibilities [15] , and anxieties associated with infant HIV testing [16] . A busy schedule and a newborn child disrupt a new mother's medication routines, and scheduling conflicts with work and childcare are barriers to clinic visits [15] . HIV-exposed infants require follow-up care for antiretroviral prophylaxis and diagnostic HIV testing, with early ART for those who are infected. WLWH often put the needs of their children above their personal health concerns [17] which may lead to prioritization of pediatric visits over their own HIV care visits. Retention in care is also important for managing comorbid conditions, such as hypertension [18] and mental health [14] , including postpartum depression. A 2015 maternal mortality report showed that Philadelphia has a maternal mortality rate that is 50% higher than national average; the major causes of maternal mortality were linked to complications from uncontrolled cardiovascular disease, mental health conditions, and drug addiction [19] . HIV was not a major cause of death, but HIV prevalence was 16 times higher among women who died than the general population of women of childbearing age living in Philadelphia.
Retention in HIV care postpartum is crucial for women, infants, and the communities in which they live. Regular clinic visits are linked to antiretroviral adherence and viral suppression, which are essential to reduce the risk of drug resistance and disease progression. Effective ART with sustained viral suppression reduces the risk of HIV transmission to partners [20] and plays an important role in preventing perinatal HIV transmission in future pregnancies [21] . A national, prospective, multicenter French Perinatal Cohort study found no perinatal transmissions among women receiving ART before conception and among those who delivered with a viral load of less than 50 copies/ml [21] .
Factors associated with poor retention in HIV care postpartum
To understand factors influencing retention in HIV care postpartum, it is helpful to put barriers and facilitators in context using guidance from behavioral health models. The integrated behavioral model [22] focuses on the constructs of attitude, subjective norm, and self-efficacy to explain behavioral intention and can be used to understand how women make decisions regarding visit attendance postpartum at the individual level. Examples of factors which are likely to influence these constructs include age, education, stigma, mental health, and drug abuse [23] . The ecological model of health behavior [22] is a multilevel model of health behavior that incorporates contextual determinants of health services use. An adaptation of these models, shown in Fig. 1 , helps us understand how factors at multiple levels can affect WLWH's health behavior regarding retention in care. In this model, three broad dimensions -interpersonal, community, and health system factors -are determinants of health behavior. Interpersonal factors include the patient-doctor relationship, relationships with partner(s), and social networks. Community level factors include neighborhood poverty but also resiliency, access to transportation, and distance to health clinics and pharmacies. Health system factors include HIV-obstetric or pediatric-maternal HIV care co-location which occurs when both HIV and obstetric care or pediatric and maternal HIV care are delivered at the same site and within the same visit. Other examples of health system factors include access to health insurance and clinic wait time.
Two recent systematic reviews identified factors related to postpartum retention in HIV care [24, 25] . Although the majority of studies were conducted in low-resource countries, some themes may be similar for women in high-resource countries. Briefly, the reviews found that a commitment to pediatric health, disclosure to a spouse, spousal involvement, access to services, and care coordination across health systems were associated with improved retention in HIV care postpartum. In the United States, qualitative studies of low-income women in the South found that strong social support from partners, family members or providers, having fewer children, better control of HIV and depression, and the desire to stay healthy to raise children facilitated retention in HIV care postpartum [15, 26, 27] . On the other hand, scheduling conflicts with infant care and work, limited access to transportation, and experiences of institutionalized stigma negatively impacted retention [15, 26, 27] .
Other in-depth interviews of WLWH show that stigma affects women's reproductive decision-making about becoming pregnant and maintaining their pregnancies [28] . In addition, women who don't disclose their status to their partner are more likely to delay HIV care and delay initiation of ART [29] , have a detectable viral load at delivery [29] , factors that other studies have associated with reduced postpartum retention. WLWH in the United States are at elevated risk for intimate partner violence [30] . Studies in Africa have linked intimate partner violence to reduced medication adherence during and after pregnancy [31] . In a recent qualitative study, pregnant and postpartum women who experienced intimate partner violence described three factors that negatively impacted adherence behaviors: lack of disclosure and secrecy, depression and anxiety, and limitations in social support. Significantly, concern and desire to protect their infant's wellbeing was a coping technique that supported adherence [32] .
Interventions to improve retention in HIV care postpartum
The presence of numerous, interrelated factors affecting retention in care highlights the need for conceptual models and data to inform the development of effective interventions to improve postpartum retention in care. These interventions need to address factors that contribute to this problem and should be proactive, beginning before or during pregnancy. A systematic review by Geldsetzer et al. [5] points out the weak evidence base for interventions to improve postpartum retention. Although available studies are limited, the following summary explores available data regarding care coordination and case management, peer support, and technology-based interventions to improve postpartum retention in HIV care.
Care coordination and perinatal case management interventions
Care coordination is the deliberate organization of patient care activities to facilitate the appropriate delivery of healthcare services [33] and has been shown to improve outcomes in various clinical populations, including PLWH. In the United States, care for WLWH and their infants is often siloed across health systems and even across specialties within the same heathcare system. Some WLWH may enter prenatal care in one clinic, deliver at a hospital not affiliated with that clinic, and obtain pediatric care at a different site, with very little communication across HIV, obstetric, and pediatric providers. These situations create challenges for providers and patients and highlight the need for interventions to coordinate care effectively across specialties and locations. Although there are no studies comparing models of care coordination in the United States, a randomized control trial of postpartum WLWH in South Africa showed that women receiving integrated maternal and pediatric care after delivery were significantly more likely to be retained and virally suppressed at 1-year postpartum compared with women receiving pediatric and maternal HIV care separately: the combined retention and viral suppression end-point for women in the maternal-pediatric care coordinated arm was 77 vs. 56% for women in the standard of care arm [34] .
In Philadelphia, after determining that lack of care coordination for pregnant and postpartum women undermined efforts to reduce maternal mortality, the 2015 maternal mortality review team issued recommendations to enable better, more collaborative care coordination through increased case management staff for pregnant and postpartum women, better communication systems with support programs, and the integration of community health workers into traditional care coordination for pregnant and postpartum women [19] . Case management is an important component of care coordination. Case management for PLWH has been shown to significantly increase the use of HIV care [35] , to decrease structural barriers to care by helping with transportation, housing, and food insecurity and by increasing referrals to mental health and substance abuse programs [36] . In addition to these responsibilities, perinatal case managers have the unique ability to help WLWH navigate the healthcare system and address barriers to care throughout the perinatal period. An analysis of data from 898 live births in Philadelphia from 2005 to 2013 showed that pregnant WLWH who received perinatal case management (PCM) were more likely to achieve viral suppression before delivery and be retained in HIV care at 1-year postpartum [37] . An analysis of mental health data from the same cohort showed that pregnant and postpartum women with definite or possible depression who were enrolled in PCM had similar outcomes than women without depression, suggesting that PCM support can help improve maternal HIV outcomes among women with depressive symptoms [38] .
Peer support interventions
Peer support is a promising strategy for fostering postpartum retention among WLWH. In a one-year implementation study involving four centers in Uganda, 6-week postpartum retention significantly increased from 38 to 78% following introduction of peer mothers who provided support to pregnant and postpartum WLWH through home visits, counseling, and frequent reminder phone calls [39] . Another successful mentor mother program implemented in seven African countries is the mothers2mothers (m2m) peer support program. Unlike other peer mentor programs, the m2m role is professionalized: women are paid to mentor other WLWH. Mentor mothers are WLWH who recently participated in a perinatal HIV program and are willing to disclose their status and mentor other WLWH who are pregnant. They are trained in cognitive-behavioral skills to improve women's self-efficacy and use educational modules to increase knowledge of HIV disease and promote safer sex practices [40] . The implementation of the mentor mother program has been associated with significant improvement in maternal HIV and pediatric outcomes. In Nigeria, women benefiting from a mentor mother were six times more likely to be retained in care at 6-month postpartum compared with women receiving usual care (adjusted odds ratio 5.9, 95% confidence interval 3.0-11.6) [41] . A three-arm stratified cluster randomized controlled trial conducted in Malawi found that at 24 months, retention was significantly higher with facilitybased (80%) and community-based (83%) mentor mothers compared with standard of care (66%) [42] . A large cluster randomized controlled trial in KwaZuluNatal, South Africa, showed that 63% of women had at least one postpartum visit at 6 months in the intervention arm compared with 45% in the control arm [43] . A qualitative study recently described the benefits of the HIV Mentor Mothers program developed in England as a hybrid between m2m programs in Africa and their general pregnancy volunteer peer support models [44] . Participating women and mentor mothers identified multiple positive themes including reinforcing medical advice, prioritization and problem solving, the support of a caring relationship, developing self-confidence, and others.
CenteringPregnancy is an innovative peer support intervention in the United States that has been shown to improve health outcomes of HIV negative pregnant women. CenteringPregnancy delivers group prenatal care to women with pregnancies of similar gestational age: groups of eight to 12 women meet for ten 90-min prenatal or postpartum visits. Prenatal care and health promotion content are delivered through patient engagement, educational modules, health assessment as well as peer support [45] . A multisite randomized controlled trial conducted at two university-affiliated prenatal clinics in the United States, among the general pregnant population, showed significant improvement in health outcomes among women assigned to CenteringPregnancy compared with usual care, with women in CenteringPregnancy having less preterm birth, better prenatal knowledge, and greater satisfaction with care. Two institutions in the United States have adapted CenteringPregnancy for WLWH by modifying educational modules to include HIV-specific materials on retention in HIV care, medication adherence, and bottle feeding instead of breastfeeding [46] . Initial data from one institution showed that CenteringPregnancy participants had a lower proportion of missed appointments (17 vs. 21%) and no preterm births when compared with the individual care group. Both groups had similar viral suppression (71%) [47] .
Technology-based interventions
There is growing evidence that technology-based interventions, such as automated telephone communication systems and text messaging can change patients' health behaviors, improve clinical outcomes, and increase healthcare utilization [48] . A recent study of standardized SMS to a vulnerable, predominantly female population in Canada found that viral load and self-reported adherence to ART improved a year after implementation of the intervention, although there was a slight decrease in clinic attendance [49] . However, only a few studies have shown that these interventions can be used to improve postpartum retention in HIV care. An unblinded, randomized controlled trial in Kenya found that text messaging significantly improved postpartum visit attendance. Thirty-eight of 194 (20%) women in the SMS group attended a maternal postpartum clinic 8-week postdelivery compared with 22 of 187 (12%) in the control group [50] . Another randomized controlled trial from Kenya compared adherence with infant prophylaxis and infant retention in primary care among 150 motherinfant pairs using phone call reminders paired with perinatal HIV prevention messages. The trial found that participants in the intervention group were significantly more likely to remain in care than those in the standard of care group (79 vs. 59% at 6 weeks and 69 vs. 37% at 10 weeks) [51] .
For HIV-negative pregnant women and new mothers, the 'Text4baby' initiative launched in 2001 by the National Healthy Mothers Healthy Babies Coalition highlights the value of technology-based interventions to promote maternal and pediatric health in the United States. Text4baby delivers gestational age-appropriate information through text messages and informs women on ways to have a healthy pregnancy [52] . A complementary mobile app for subscribers offers extended access to key information such as growth progress, medical updates, appointment reminders, and quizzes [53] . An evaluation of this program has shown a behavioral effect of text4baby among high-exposure users, particularly with reducing alcohol consumption [54] . Such programs show promise if adapted and implemented for pregnant and postpartum WLWH.
Proposed steps to improve postpartum retention in HIV care
Although there are limited data about interventions in the perinatal period that have been shown to improve outcomes of WLWH in the United States, waiting for additional studies to change practice should not be an option. The disproportionately elevated prevalence of HIV and pregnancy-related complications among black women point to these structural deficiencies and the urgent need for intervention. Nationally, black women account for 66% of new cases of HIVamong women, they are at least three times more likely to die from pregnancyrelated complications, and perinatal transmission remains 10 times higher among black compared with white women [55] . It is time to apply what has been learned to date. We propose five core action steps, summarized in Table 1 , that can be applied across diverse care settings. These steps include increasing awareness of the problem of poor postpartum retention, addressing needs for improved care coordination and case management, and using novel approaches to adapt and implement peer support and technology-based interventions to improve postpartum retention and clinical outcomes of WLWH. Operational research, continuous quality improvement initiatives, and program evaluations can be used to support adaptation and implementation and generate new, and needed, evidence about effectiveness in diverse practice settings, including feasibility and acceptance by patients and healthcare providers.
Increase awareness of poor postpartum retention and begin addressing barriers to postpartum care during pregnancy Improved postpartum retention begins with increasing providers' and patients' awareness of the risk of reduced retention in HIV care after delivery, the factors that contribute to this problem, and the importance and benefits of interconception care and long-term retention in HIV care for WLWH. Effective patient-provider communication established during pregnancy allows healthcare providers to assess women's plans regarding care engagement postpartum in a nonjudgmental manner and make plans to support effective transitions in care. In the postpartum period, limited communication and a poor patient-provider interaction can lead to reduction in care engagement [25] . Patients cared for by compassionate providers who use a patient-centered 138 AIDS 2018, Vol 32 No 2 Table 1 . Suggested steps to improve retention in HIV care postpartum.
Areas of need Suggested action steps
Increase provider and patient awareness of poor postpartum retention and take steps to support women as early as possible during pregnancy Supportive, nonjudgmental communication
Stigma reduction
Webinars/resources for healthcare workers on trauma informed care and other approaches Assess and identify barriers to care Anticipatory guidance and problem solving during pregnancy to reduce barriers Support effective transition in care from pregnancy to postpartum Begin to link with community-based organizations and other resources based on patient needs Improve care coordination using existing resources Refine existing care coordination resources to understand and address unique needs of pregnant/postpartum WLWH Organize plans and procedures for communication across disciplines and care settings Consider delivery of colocated HIV-obstetric care prenatally and maternal HIV-pediatric care postpartum Quality improvement activities to follow mother-infant pairs postpartum Investing in health information exchange of electronic health records to overcome fragmentation of prenatal/postnatal, HIV, primary, and pediatric care Involve PCM in the care of pregnant WLWH and a nonstigmatizing approach are more likely to receive ART and have an undetectable viral load [56] . Provider training to limit biased attitudes and increased use of trauma-informed approaches when communicating with patients might be useful in improving engagement in HIV care postpartum [57] . [59, 60] . These resources are based on available evidence about factors associated with reduced postpartum retention and factors impacting women's retention in care that can be targeted for individual intervention. The tools can be useful for continuing education, development of continuous quality improvement initiatives [61] , in addition to patient assessment and case management. Preliminary experience with use of assessment checklist in several clinical settings has been positive, but formal evaluation is still needed.
Improve care coordination using existing resources Care coordination has been a consistent part of services in Ryan White HIV/AIDS Program clinics and has been championed as an enabling factor to improve access to care and reduce unmet social needs [62] . We argue that care coordination should be refined to address special needs of pregnant and postpartum WLWH and that some level of care coordination needs to be developed in clinics without these services, when possible, with the help of local health departments or community-based organizations. Plans and procedures for communication across care settings developed early during pregnancy can be used to overcome care silos. Examples include sharing of clinical information between primary, HIV, obstetric, and pediatric healthcare providers at entry in prenatal care and during the third trimester to plan for the postpartum transition. Delivery of HIV and obstetric care in the same clinic session (i.e., colocated care), during pregnancy, and maternal HIV-pediatric care co-location postpartum can facilitate communication and the management of patients' competing childcare responsibilities that hinder attendance to medical visits. Clinics without colocated care can engage in quality improvement activities to actively follow mother-infant pairs postpartum and can consult with their Department of Public Health for women who are hard to reach [63] . 
Implement peer support interventions
Peer support interventions, like m2m, that have been shown to be effective in improving retention in care for pregnant and postpartum WLWH in resource-limited settings, should be modified, tested through rigorous research, and implemented to serve the needs of rural and urban women in the United States. In the interim, identifying and implementing available peer support resources can be crucial in addressing gaps in the HIV care continuum. Peers can also address important psychosocial barriers to retention, such as stigma, disclosure, and help increase self-efficacy. They are well positioned to help WLWH address traumatic experiences and provide reassurance to women (when appropriate) who are anxious about transmitting HIV to their infant. This can specially be the case for first time pregnancies. Guidance for the implementation of peer interventions need be to developed to include the frequency of contact, support with conflict resolution, training, and the integration of peers in the healthcare team.
Using technology-based interventions to increase retention in care postpartum Although few studies in the United States have been conducted to determine the effects of technologybased interventions on postpartum retention, emerging evidence in other populations suggests that these interventions could be applied with success for pregnant or postpartum WLWH. Based on available data, it seems appropriate to develop strategies for use of phone reminders or text messaging to improve postpartum retention in care. As confidentiality is an important consideration for all patients, procedures to assure privacy and avoid inadvertent disclosure of diagnosis are particularly important. Input from WLWH and individual patients need to be considered to determine the preferred mode of communication and type of information to include in messages. Technology should also be used to link WLWH with community-based organizations and outside resources to meet women's needs related to parenting skills, nutrition, housing, employment, mental health, and family planning.
Conclusion
The current review is aimed at drawing attention to available interventions and steps that can be taken now to address the problem of reduced retention in care among postpartum WLWH in the United States, in addition to highlighting key areas for further research and clinical development. The needs of WLWH during the perinatal period are multifaceted. A multidisciplinary approach is required to improve postpartum retention, with interventions that help to reduce barriers and strengthen facilitators to care beginning during or before pregnancy whenever possible. Baseline data provide important insights about existing issues and setting priorities for action within clinical programs or jurisdictions. Healthcare providers, public health programs, researchers, and policy makers have important roles to play in operational research, continuous quality improvement initiatives, and program evaluations of proposed interventions to promote effective care transitions after WLWH give birth. A number of clinical trials are ongoing in Africa and other international settings, but there is an urgent need for data about the effectiveness of relevant interventions in high-resource countries where research and evaluation are often challenged by small program size, but can be strengthened through collaborations. It is also time to support an integrated approach to address the specialized needs of childbearing women as part of clinical and community-based HIV care and retention programs that address factors with negative impacts on retention in care such as poor social support and untreated mental health. Going forward, innovative approaches with appropriate implementation, adaptation, and evaluation of interventions developed in low-resource to high-resource settings will be needed to improve postpartum retention in care for WLWH in the United States and in countries around the world.
